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,QWURGXFWLRQ
,PSURYLQJ WKH ORDG IDFWRU IRU IUHLJKW RU SDVVHQJHU WUDQVSRUW LV JHQHUDOO\ DFNQRZOHGJH DV WKH PRVW
HIILFLHQW ZD\ WR LPSURYH HQHUJ\ HIILFLHQF\ DQG UHGXFH WUDQVSRUW &2 HPLVVLRQV ZLWKRXW UHGXFLQJ WKH
PRELOLW\ 2XU PDLQ REMHFWLYH LQ WKLV SDSHU LV WR VKRZ WKH UHODWLRQVKLS EHWZHHQ ORDG IDFWRU DQG &2
HPLVVLRQV IRU IUHLJKW WUDQVSRUW )LUVW ZH ZLOO LQFOXGH WKLV ORDGLQJ IDFWRU LQWR WKH $6,) HTXDWLRQ  
DJJUHJDWLQJ VWHS E\ VWHS IURP WULS OHYHO WRPDFUR OHYHO ORDGZLOO DSSHDU DV D UHVXOW RI HPSW\ UXQQLQJ
YHKLFOH FDSDFLW\ DQG RFFXSDQF\ UDWH RU ORDG IDFWRU VHFWLRQ  7KHQ VHFWLRQ  ZLOO JLYH H[DPSOHV IRU
HYROXWLRQVRIHDFKRI WKHVH IDFWRUV GHPDQG IRU WUDQVSRUWPRGDO VKDUH ORDGLQJ IDFWRU HWF LQGLIIHUHQW
FRXQWULHVPDLQO\*HUPDQ\DQG)UDQFH6HFWLRQORRNVDWVRPHZD\VWRLPSURYHWKHORDGIDFWRULQRUGHU
WRUHGXFHHPLVVLRQV)LQDOO\WKHFRQFOXVLRQLQVHFWLRQUHFDSLWXODWHVRXUPDLQILQGLQJV
















SHULRG WKH DYHUDJH ORDG LV ZHLJKWHG E\ WKH ORDGHG GLVWDQFHV WKH ORDG IDFWRU /) H[SUHVVHG DV D
SHUFHQWDJHRI&$3LVWKHQ

/) 721&$3 Ȉ7.0.0&$3 

9HKLFOH FDSDFLW\ &$3 LV OLPLWHG HLWKHU E\ UXOHV RQ ZHLJKW DQG GLPHQVLRQV IRU LQVWDQFH PD[LPXP
DXWKRUL]HGOHQJWKDQGZLGWKPD[LPXPD[OHORDGIRUWUXFNVE\WKHFKDUDFWHULVWLFVRIWKHURXWHGUDXJKW
IRUSRUWVDQGZDWHUZD\VDQGRUE\WKHYHKLFOHFKDUDFWHULVWLFVPD[LPXPWDNHRIIZHLJKWIRUDLUSODQHV
7KH ORDG UDWLR FDQEH OLPLWHGE\ JRRGGHQVLW\ SDFNDJLQJ LQFOXGHG DQG µIUHLJKW DYDLODELOLW\ IRU WKLV
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FKDUDFWHULVWLFV LQ 8. PRVW RI WKH JURZWK LQ JRRG YHKLFOHV FRPHV IURP YDQV ZKLFK PHDQV WKDW WKH
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IURPZKLFKZHGHULYH
 .0( (5.0DQG.0/ (5[.0 
7KHPDLQGHWHUPLQDQWVRIHPSW\UXQQLQJDUHWKHPDUNHWLPEDODQFHSHUW\SHRIFRPPRGLW\WKHPDUNHW
VL]HRUIUHLJKWTXDQWLW\DQGWKHPDUNHWRUJDQL]DWLRQ7KHIORZRIJRRGVLPSRUWHGIURP$VLDWR(XURSHLV
PRUH LPSRUWDQW WKDQ IURP(XURSH WR$VLDVRIRUFRQWDLQHUVKLSV WKHUDWHRIHPSW\UXQQLQJ LVKLJKHU LQ
WKLV ODVW GLUHFWLRQ +RPRJHQHLW\ RI WKH SURGXFWV WUDQVSRUWHG LQ HDFK GLUHFWLRQ DQG WKH VKDUH RI RZQ
DFFRXQW WUDQVSRUW DUH DOVR LPSRUWDQW IDFWRUV $FFRUGLQJ WR (XURVWDW WUXFNV DUH HPSW\ IRU  RI WKH
GLVWDQFH WUDYHOOHG LQ /DWYLD DQG  LQ 'HQPDUN ZKLOH WKLV SURSRUWLRQ VHHPV WR EH PXFK KLJKHU LQ
*UHHFHDQGLQLVODQGVLQ,UHODQGDQGXSWRLQ&\SUXV)LJXUHKHUHXQGHULQGLFDWHVWKH
HYROXWLRQ RI HPSW\ UXQQLQJ IRU URDG KHDY\ GXW\ YHKLFOHV DFFRUGLQJ WR (XURVWDW LQ VHYHUDO (XURSHDQ
FRXQWULHV7KLVUDWHLVEHWZHHQDQGLWLVVOLJKWO\GHFUHDVLQJLQ*HUPDQ\DQGLQFUHDVLQJLQ8.

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
)LJ(PSW\UXQQLQJIRUKHDY\GXW\YHKLFOHHPSW\NPWRWDONP6RXUFH(XURVWDW
7KH UDWH RI HPSW\ UXQQLQJ FDQ EH XSJUDGHG E\ LPSURYLQJ WUDQVSRUW RUJDQL]HUV¶ LQIRUPDWLRQ WKHLU






FRUUHVSRQGLQJ WR WZR RLO FULVLV DYHUDJH IXHO FRQVXPSWLRQ SHU  NPKDV EHHQ QHDUO\ VWDEOH VLQFH WKH
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
(TXDWLRQ  JLYHV WKH DPRXQW RI &2 HPLVVLRQV SHU WNP DV D IXQFWLRQ RI HPLVVLRQ IDFWRU () RI
DYHUDJH ORDGDQGRIHQHUJ\FRQVXPSWLRQ9&ZKLFK LVD IXQFWLRQRIFDSDFLW\ &$3RI WKH ORDG IDFWRU
/) DQGRI WKHSURSRUWLRQRI HPSW\ UXQQLQJ (57KHVH SDUDPHWHUV/)DQG(5 VHHP WRSOD\ VLPLODU
UROHV
(YROXWLRQRI&2HPLVVLRQVIURPURDGIUHLJKWWUDQVSRUWLQ)UDQFH
8VLQJ WKHVHUHODWLRQV IRU URDGIUHLJKW WUDQVSRUW WKHHYROXWLRQIRU WKHSHULRG WRKDYHEHHQ
FRPSXWHGIRUFDUERQGLR[LGHVKRZLQJWUHQGVIRUORDGIDFWRUDQGRWKHUUHODWHGLQGLFDWRUV&2HPLVVLRQV














UHODWLRQVKLS LV TXDQWLILHG E\ WHVWV LQ WZR W\SHV RI RSHUDWLRQ GLVWULEXWLRQ QRWHG' LQ )LJXUH  XVLQJ
DUWLFXODWHG WUXFNV DW XS WR WRQQHV JURVV FRPELQDWLRQZHLJKW JFZ DQG WLSSHUV %XVLQJPXOWLD[OH
ULJLGV DW XS WR WRQQHVJURVVYHKLFOHZHLJKW JYZ DQG DQ DUWLFXODWHG WLSSHU DW XS WR WRQQHV JFZ






SHUNPIRUHYHU\DGGLWLRQDO WRQQH ORDGHGDQG WKHFRQVXPSWLRQRIDQHPSW\ WUXFN LVYHU\URXJKO\
DERXWWZRWKLUGVRIWKHFRQVXPSWLRQZKHQWKHWUXFNLVIXOO\ORDGHG
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)RU YDQV -RXPDUG HW DO  KDYH TXDQWLILHG WKH LPSDFW RI UHSUHVHQWDWLYH ORDGV RQ OLJKW GXW\
YHKLFOHV FRQVXPSWLRQ LQ )UDQFH )RU  ±  WRQQHV YDQV RI (XUR  DQG  W\SH WKH\ IRXQG
VXSSOHPHQWDU\ FRQVXPSWLRQ SHU NJRI LQFUHPHQWDO ORDG LQ WKH UDQJHRI  WR OYHKNP LQ
XUEDQ WUDQVSRUW DQG  WR  RQ KLJKZD\V DQG PRWRUZD\V 1RW VXUSULVLQJO\ ZH QRWLFH WKDW









DQG ONP IRU DQ DYHUDJH VSHHGRI NPK XUEDQ WUDQVSRUW EHWZHHQ DQG ONPDW
NPK UXUDO DQG EHWZHHQ  DQG  ONP DW  NPK RQ KLJKZD\V $ VXSSOHPHQWDU\ WRQQH
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          

(QHUJ\FRQVXPSWLRQSHUWRQQHNLORPHWHU LQOLWUHVSHUWNPDWNPKYDULHVIURPIRUVPDOO
ULJLG WUXFNV W SD\ORDG KDOI ORDGHG GRZQ WR  IRU IXOO\ ORDGHG ODUJH WUDFWRUV DQG WUDLOHUV W
SD\ORDG7KLVHQHUJ\FRQVXPSWLRQSHUWNPZRXOGULVHPXFKKLJKHULIZHZRXOGKDYHFRQVLGHUHGVPDOOHU
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KHUH HOHFWULF WUDLQV 8VLQJ (FR7UDQVL7  EDVHG RQ ,QWHUQDWLRQDO 8QLRQ RI 5DLOZD\V GDWD WKH
IROORZLQJ IXQFWLRQV HVWLPDWH WKH 7UDLQ HQHUJ\ &RQVXPSWLRQ 7& LQ:K SHU *URVV WNP RI D W\SLFDO
HOHFWULFWUDLQEHWZHHQDQG*W

 7& *7:  
ZKHUH*7:LVWKHWUDLQ*URVV7RQQH:HLJKW7KHVSHFLILFHQHUJ\FRQVXPSWLRQSHUQHWWNPFDQWKHQ
EH FDOFXODWHG LQ :K1WNP DV D IXQFWLRQ RI 1W*W 7KLV 1W*W UDWLR LQFOXGHV HPSW\ WULS IDFWRU:H
FRQVLGHU KHUH DQ HPSW\ UXQQLQJ UDWLR RI   RI WRWDO GLVWDQFH LV UXQ HPSW\ DQG SHU ZDJRQ DQ
HPSW\ZHLJKWRIWRQQHVIRUDPD[LPXPORDGRIWDQGDWUDLQRIZDJRQV7KHQHWWRQQHJURVV
WRQQHUDWLRLVWKHQYDU\LQJEHWZHHQDQG$QHPLVVLRQIDFWRULVWKHQDSSOLHGWRWKHHQHUJ\XVHG)RU
HOHFWULFLW\ WKLV HPLVVLRQ IDFWRU YDULHV DFFRUGLQJ WR WKH SULPDU\ HQHUJLHV XVHG WR SURGXFH HOHFWULFLW\
(FR7UDQVL7FRQVLGHUVJ&2:KDVDQDYHUDJHRIWKHHOHFWULFLW\XVHGE\(XURSHDQUDLOZD\V7KLV














OHVV HQHUJ\ WKDQKHU EDOODVW OHYHO IRU D FRQWDLQHU VKLS WKH UDWLREHWZHHQ WKH FRQVXPSWLRQ DWPD[LPXP









UDQJH LW LV FRQVWDQW WLOO WKH µPD[LPXP UDQJH ±PD[LPXP SD\ORDG SRLQW¶ DQG UDSLGO\ GHFUHDVLQJ DIWHU






RI RSHUDWLRQDO FRVWV7KH HQHUJ\ UHTXLUHGSHU SDVVHQJHU RU WRQQHNPGHSHQGVRQ WKHGLVWDQFH WUDYHOOHG
DQGWKHORDGIDFWRU,QFUHDVLQJSD\ORDGLPSURYHVIXHOHIILFLHQF\DVLOOXVWUDWHGE\WKHHIIHFWRISD\ORDGRQ
IXHO EXUQ IRU D 7XSROHY LQ WKH WDEOH KHUH XQGHU D  VHDWV DLUFUDIW ZLWK DPD[LPXP SD\ORDG RI
NJRQDNPURXWH,QIRUPDWLRQSURYLGHGE\7DURP5RPDQLDQ$LU7UDQVSRUW
7DEOH(IIHFWRIORDGIDFWRURQIXHOEXUQHGSHUSDVVHQJHUNP7XSROHY
/RDGIDFWRU 1XPEHURI )XHOEXUQHG )XHOEXUQHG
 SDVVHQJHUV NJSDVVHQJHUNP NJ$LUFUDIWNP
   
   
   
   




$FFRUGLQJ WR WKHVH GDWD WKH VXSSOHPHQWDU\ FRQVXPSWLRQ IRU WKLV DLUSODQH RQ WKLV IOLJKW ZKHQ
LQFUHDVLQJWKHQXPEHURISDVVHQJHUVIURPWRLVNJNPIRUVXSSOHPHQWDU\SDVVHQJHUVRU
ZLWKDQK\SRWKHVLVRIDQDYHUDJHZHLJKWRINJSHUSDVVHQJHUJRI IXHOJ&2SHUWNP
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7KHVHFRQVXPSWLRQYDOXHVDUHIRUD7XSROHYZKLFKLVDQROGDLUFUDIWZLWKORZIXHOHIILFLHQF\EXWDV




LPSURYH WKH ORDGLQJ IDFWRU WKH FDUULHU KDV WR RUJDQLVH FRQVROLGDWLRQ SODWIRUPV DQG WKHVH SODWIRUPV QRW
RQO\ PXOWLSO\ WKH QXPEHU RI OHJV WKH\ DOVR LQFUHDVH WKH ZKROH FURZIO\ GLVWDQFH IURP VKLSSHU WR




0RUHRYHU DQ LPSRUWDQW IDFWRU LQ WKH LQFUHDVH RI IUHLJKW WUDQVSRUW GHPDQG H[SUHVVHG LQ WNP RU
SDVVHQJHUNP IRU SDVVHQJHU WUDQVSRUW LV WKH GHYHORSPHQW RI WKH KXE DQG VSRNH V\VWHP LQPRUH DQG
PRUH W\SHVRI WUDQVSRUW VXFKDVDLU WUDQVSRUWPDULWLPHFRQWDLQHUVRUH[SUHVVSDUFHOVEHFDXVH WUDQVSRUW
HIILFLHQF\ LV QRW DOZD\V RSWLPL]HG DQG VRPHWLPHV QRW HFRQRPLFDOO\ YLDEOH E\ GLUHFW SRLQWWRSRLQW
VHUYLFHWUDQVSRUWKDVHYROYHGIURPGLUHFWFRQQHFWLRQVWRDFRPSOH[QHWZRUNWKDWLQFOXGHVFRQVROLGDWLRQ
KXEV )RU H[DPSOH D QHWZRUN ZLWK  DLUSRUWV DQG RQH KXE ZLOO KDYH DERXW  OLQNV LQVWHDG RI
SRLQWWRSRLQW IOLJKWV2Q WKH OLQNV EHWZHHQ DLUSRUW DQG WKH KXE WKH ORDG IDFWRU LV GUDPDWLFDOO\
LPSURYHGFRVWVDUHPLQLPL]HGDQGWKHYHKLFOHWHFKQLFDOIXHOHIILFLHQF\LVRSWLPL]HGWKLVKXEDQGVSRNH
V\VWHPDOVR UHVXOWV LQ IHZHU IOLJKWV RU YHKLFOHRSHUDWLRQVEXW LQ DPXFKJUHDWHU GLVWDQFHSHU WRQRU SHU
SDVVHQJHU WKDQ GLUHFW SRLQWWRSRLQW WUDQVSRUW ,WV LPSDFW RQ WKH JOREDO IXHO FRQVXPSWLRQ DQG &2
HPLVVLRQVLVQRWFOHDU
:D\VWRLPSURYHWKHORDGLQJIDFWRURUWKHDYHUDJHORDG
8WLOL]DWLRQ RI WKH YHKLFOH FDSDFLW\ LV RIWHQ IDU EHORZ WKH WKHRUHWLFDOPD[LPXPEXW LQ VRPHPDUNHW
VHJPHQWV WKLV PD[LPXP LV QRW UHDFKDEOH VRPH JRRGV FKHPLFDO SURGXFWV PLON UHTXLUHV VSHFLDOL]HG
YHKLFOHV WKDWPDNHV LW LPSRVVLEOH WR ILQG UHWXUQ ORDGV)RU VRPHFRPPRGLWLHV WKH DYDLODEOHYROXPHRU
VXUIDFH LV UHDFKHG EHIRUH WKHPD[LPXPZHLJKW )HZ FRXQWULHV KDYH GLUHFWO\ WDFNOHG WKLV LVVXH DQG WKH
ORDGLQJ IDFWRU LV JHQHUDOO\ LQGLUHFWO\ WDFNOHG WKURXJK ORJLVWLFV RSWLPL]DWLRQ IOHHW RU VXSSO\ FKDLQ
PDQDJHPHQWV\VWHPV:HZLOOPHQWLRQKHUHRQO\DIHZH[DPSOHVRIPHDVXUHVXVHGWRLPSURYHWKHORDG
IDFWRUIRUWUXFNV




RZQFRXQWU\RIRULJLQPDLQO\RQ WKHLUZD\EDFNFDERWDJH LV VWLOOKDYLQJDYHU\ VPDOOPDUNHW VKDUH LQ
(XURSHDWDURXQGRIWRWDO WUDQVSRUWDQGFRXOGEHLQFUHDVHGE\VKDULQJPRUHLQIRUPDWLRQRQIUHLJKW
WUDQVSRUWGHPDQG3DVWRUHOOR
7KHUH LVSUREDEO\PRUH WREHJDLQHGE\REMHFWLYHVPRUHGLUHFWO\ UHODWHG WRHQYLURQPHQWDOSUHVVXUHV
OLNH LQWHUQDOL]LQJ H[WHUQDO FRVWV RI WUDQVSRUW ,QFUHDVLQJ WUDQVSRUW FRVWV LV RIWHQ FRQVLGHUHG DV WKH EHVW
LQFHQWLYH WR LPSURYH ORDGLQJ IDFWRUV DV ZHOO DV WR PLWLJDWH RWKHU LQHIILFLHQFLHV 0DQ\ ORJLVWLF
LPSURYHPHQW SURJUDPV OLNH IUHLJKW EHVW SUDFWLFH SURJUDP LQ 8. RU WKH ³9ROXQWDU\ FRPPLWPHQW WR
UHGXFH&2 HPLVVLRQV IRU URDG FDUULHU´ LQ )UDQFH GHILQH WKH ORDGLQJ IDFWRU DV RQH RI WKH SHUIRUPDQFH
LQGLFDWRUVWKDWKHOSVWRPRQLWRUWKH&2HPLWWHG
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$IWHU D FRQWLQXRXV LQFUHDVH RI IXHO SULFHV IURP  WR PLG WKH  FULVLV KDV OHDG WR D
WHPSRUDU\ VWDJQDWLRQ )RU URDG IUHLJKW WUDQVSRUW IXHO SULFH HODVWLFLW\ LV DERXW  IRU RZQ DFFRXQW
WUDQVSRUW 2$ZKLOH IRUKLUHDQGUHZDUG+5 LW LVRQO\ +HPHU\DQG5L]HW7KXVZKHQ
IXHOSULFH LV LQFUHDVLQJ WKHPDUNHW VKDUHRI+5LVDOVR LQFUHDVLQJZLWKLQURDG WUDQVSRUW%HWZHHQ
DQGIURPWRLQWHUPVRI7.0DQGIURPWRLQWHUPVRI.07KLVLVD
ZD\ WR LQFUHDVH WKH ORDG IDFWRU VLQFH WKH DYHUDJH ORDG LQ  IRU )UHQFK KHDY\ GXW\ YHKLFOHV LV















7KLV SDSHU LV D SDUWLDO V\QWKHVLV RI UHVHDUFKHV FRRUGLQDWHG E\ WKH &267 $FWLRQ  &KDQJLQJ




















195 Christophe Rizet et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  184 – 195 
+XJUHO&DQG-RXPDUG5'LUHFWLYHVHWIDFWHXUVDJUpJpVG
pPLVVLRQGHVYpKLFXOHVURXWLHUVHQ)UDQFHGHj
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